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Complement (C5b-9) induces DNA synthesis in rat mesangial nephritis, membranoproliferative glomerulonephritis, and
cells in vitro. others [2]. Experimental studies have documented re-
Background. The membrane attack complex C5b-9 causes lease of a variety of inflammatory mediators by activatedinjury in many forms of immune-mediated glomerular diseases
MCs, including proteases, oxidants, cytokines, growthcharacterized by mesangial cell (MC) proliferation and inhib-
factors, vasoactive molecules, and extracellular matrixiting C5b-9 decreases MC proliferation in vivo. Membrane
insertion of sublytic quantities of the membrane attack complex (ECM) components [3, 4]. Indeed, in the experimental
of complement (C5b-9) is a potent stimulus for cell activation setting, a close link has been established between MC
and the production of a variety of cytokines, growth factors, proliferation and mesangial matrix expansion leading tooxidants, matrix components, and other nephritogenic mole-
glomerulosclerosis in several different models of glomer-cules. In vivo, a common response of MC to C5b-9–mediated
ular disease [5–7].injury is cell proliferation, an event closely linked to matrix
expansion and sclerosis. In this study, we tested the hypothesis The factors that mediate MC proliferation in disease
that C5b-9 might also serve as a mitogenic stimulus for MCs. states are multiple. In the most extensively studied model
Methods. Rat MCs in vitro were exposed anti-Thy1 antibody
of MC proliferation in vivo, the antithymocyte serumand 2% normal PVG serum (a complement source) to induce
(ATS) model, inhibition of generalized complement acti-sublytic C5b-9 attack and DNA synthesis and cell number were
measured. Control MCs were exposed to antibody and C6- vation [7], C5b-9 formation [8], platelet localization [9],
deficient PVG serum. basic fibroblast growth factor (bFGF) [10], platelet-
Results. Sublytic C5b-9–induced injury to MCs is sufficient derived growth factor (PDGF) [11], specific signaling
to induce DNA synthesis. Furthermore, C5b-9 augmented
pathways [12], and cyclin-dependent kinase-2 (CDK2)DNA synthesis induced by platelet-derived growth factor
[13] have all been shown to reduce the proliferative re-(PDGF) and 5% fetal calf serum. C5b-9–induced DNA synthe-
sis was reduced by inhibiting reactive oxygen species (ROS) sponse of the MC to immune renal injury. While many
with superoxide dismutase and catalase, but not by neutralizing of these factors are known mitogens for the MC in vitro
the mitogenic growth factors PDGF and basic fibroblast growth acting through receptor-mediated signaling pathways,
factor (bFGF).
the role of C5b-9 has not been directly examined.Conclusions. This study demonstrates that C5b-9 may di-
In sublytic quantities, C5b-9 inserted into the cellrectly increase DNA synthesis in cultured MCs, which are
mediated in part by the release of ROS, and that C5b-9 also membrane is a potent stimulus for cell activation [14–16].
augments DNA synthesis induced in MCs by other known In the MC, C5b-9 can induce release of oxidants, prosta-
mitogens. glandins, cytokines such as interleukin-1 (IL-1) and tu-
mor necrosis factor (TNF) and ECM components, in-
cluding collagen IV and laminin [14, 17, 18]. In other
Mesangial cell (MC) proliferation is a central feature cells, including endothelial cells [19], 3T3 cells [20], B
of the glomerular response to injury in several renal cells [21], and oligodendrocytes [22], C5b-9, in the appar-
diseases characterized by deposition of immunoglobulins ent absence of other growth factors, is sufficient to induce
and complement in the mesangium on or adjacent to DNA synthesis. Moreover, C5b-9 can augment the glo-
these cells [1]. Examples include IgA nephropathy, lupus merular visceral epithelial cell (or podocyte) response
to growth factors [23], although these cells do not actively
proliferate in vivo.Key words: cell proliferation, kidney, glomerulus, membrane attack
complex, injury, glomerular disease. Based on these observations, as well as the apparent
requirement for complement and C5b-9 to induce MCReceived for publication June 2, 2000
proliferation following immunoglobulin deposition inand in revised form August 29, 2000
Accepted for publication September 14, 2000 vivo [24], we tested the hypothesis that sublytic amounts
of C5b-9 can serve as a mitogen for normal resting MCs.Ó 2001 by the International Society of Nephrology
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Our results provide the first evidence that C5b-9 can following complement stimulation was in fact due to
C5b-9, C6-deficient serum was reconstituted with humaninduce DNA synthesis in a glomerular cell, and extend
the potential role of C5b-9 in glomerular diseases to C6 and measured 3H-thymidine incorporation. MCs were
incubated with anti-Thy1 IgG at a concentration of 5include entry into the cell cycle and the consequences
thereof. mg/mL for 30 minutes at 378C. The antibody was re-
moved, and the cells were washed. MCs were then ex-
posed to either normal PVG serum, C6-deficient PVG
METHODS
serum, or C6-deficient PVG serum supplemented with
Mesangial cell culture Human C6 at a concentration of 150 mg/mL (Quidel
Corporation, San Diego, CA, USA). Serum was dilutedRat MCs were grown in culture as previously de-
scribed [25]. In brief, glomeruli were isolated by differen- to 2% and served as a source of complement. MCs were
incubated for one hour at 378C. The serum was removed,tial sieving from kidneys of six male Sprague-Dawley
rats (50 to 100 g) and grown in RPMI media (Irvine and the MCs were washed three times to remove un-
bound complement. MCs were placed in serum-free me-Scientific, Santa Ana, CA, USA) that contained 15%
fetal calf serum (FCS; Summit Biotechnology, Ft. Col- dia for 18 hours, and DNA synthesis was measured as
described later in this article.lins, CO, USA), 15 mmol/L HEPES (Sigma, St. Louis,
MO, USA), 89 mg/mL sodium-pyruvate (Irvine Scien-
Measuring cell lysistific), 200 mmol/L l-glutamine (Irvine Scientific), 81
mg/mL penicillin G, 81 mg/mL streptomycin sulfate (Ir- To ensure that the C5b-9 attack was not inducing sig-
nificant cell lysis, lactate dehydrogenase (LDH) wasvine Scientific), and 0.66 U/mL insulin (GIBCO BRL,
Grand Island, NY, USA). MCs were passaged every 72 measured in the supernatants using the Lactate Dehy-
drogenase Kinetic Assay Kit (Sigma Diagnostics, St.to 96 hours by trypsinization. MCs were identified by
their typical stellate morphology and by immunostaining Louis, MO, USA) [27]. Conditioned media were re-
moved one hour after the addition of the complementfor characteristic cytoskeletal filament proteins (desmin
and b-actin), and cell-surface antigens (Thy1, thrombo- source, and the remaining cells were lyzed with 2% tri-
ton. The conditioned media or the lyzed cells were di-spondin) and negative staining with antibodies to the
leukocyte common antigen OX-1 or factor VIII [26]. We luted 1:60 in nicotinamide adenine dinucleotide reduced
form (NADH; 1 mg/mL). Sodium pyruvate solution wasused passage 6 to 12 MCs, and each experiment was
performed a minimum of six times. then added, and the reduction of NADH to NAD by
the LDH in the media or the lyzed cells was measured
Inducing sublytic C5b-9 attack by a drop in absorbance at 340 nm by a Lambda Bio
Spectrophotometer (Perkin Elmer, Norwalk, CT, USA).Mesangial cells in passages 6 through 8 were first
grown in media with 15% fetal bovine serum (FBS) to Lysis was expressed as a percentage of the change in
the absorbance of the media compared with changes in2 3 105 cells/cm2 on plastic and then allowed to adhere
overnight. MCs were washed three times with Hank’s absorbance of the triton lyzed cells and the media. Less
than 5% LDH release was regarded as sublytic.balanced salt solution (HBSS) and placed in serum-free
media for 24 hours. Cells were then sensitized by incubat-
Experimental designing with anti-Thy1 IgG (5 mg/mL) at 378C for 30 minutes
and washed three times. Pilot studies were then per- The following experimental design was used to answer
specific questions: (1) to determine whether sublyticformed by exposing sensitized cells to fresh, C6-deficient
PVG serum [8] at varying concentrations for 60 minutes C5b-9 attack alone was sufficient to induce DNA synthe-
sis in MCs in the absence of an exogenous source ofat 378C. Two percent serum produced ,5% cell lysis,
and this concentration was selected for future studies. growth factors, MCs exposed to sublytic C5b-9 and con-
trols were grown in serum-free media for 18 hours afterTo induce sublytic C5b-9 attack, sensitized MCs were
incubated in 2% normal PVG serum at 378C for 60 min- attack; (2) to determine whether sublytic C5b-9 attack
augmented growth factor-induced DNA synthesis, MCsutes. Control cells were treated identically with 2% se-
rum from C6-deficient PVG rats. The characteristics of subjected to C5b-9 attack and controls were exposed to
media with 5% FCS or medium with PDGF for 18 hoursthe PVG serum used have been discussed elsewhere [8].
An additional control was normal MCs that were not after attack; (3) to determine whether inhibiting specific
mitogenic growth factors that are known to mediateexposed to antibody or complement. To show that C5b-9
was assembled on cells exposed to antibody and normal MC proliferation affected C5b-9–mediated proliferation,
MCs exposed to sublytic C5b-9 and controls were incu-serum and not on cells exposed to antibody and C6-
deficient serum, immunostaining was performed for bated in serum-free media for 18 hours in the presence
of a PDGF-neutralizing antibody (100 mg/mL; UpstateC5b-9 as previously described [27].
To confirm that the increase in DNA synthesis in MCs Biotechnology, Lake Placid, NY, USA) and a bFGF (100
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mg/mL; Gift of Michael Reidy, University of Washing-
ton, Seattle, WA, USA) neutralizing antibody; (4) to
determine whether inhibiting reactive oxygen species
(ROS) altered C5b-9–induced MC DNA synthesis, MCs
were exposed to sublytic C5b-9, and controls were incu-
bated with catalase or superoxide dismutase (SOD; 500,
1000, and 2000 U/mL; Sigma) (to ensure that the neu-
tralizing antibodies inhibited individual growth factors,
separate experiments were performed in which unmani-
pulated MCs were exposed to PDGF with anti-PDGF
antibodies, or bFGF with anti-bFGF antibody); (5) to
determine whether mitogens were released into the me-
dium following C5b-9 attack, MCs subjected to sublytic
Fig. 1. C5b-9 induces rat mesangial cell (MC) proliferation. Exposing
C5b-9 attack were grown in serum-free medium for 18 growth-arrested MCs to anti-Thy1 antibody and C6-deficient PVG se-
rum (C2) did not increase DNA synthesis measured by 3H-thymidinehours, and the media were collected and transferred to
incorporation, compared with control growth-arrested MCs that wereseparate, untreated MCs that had been growth arrested not exposed to antibody. In contrast, sublytic C5b-9 injury induced with
in serum-free media; DNA synthesis was then measured antibody and normal PVG serum (C1) increased DNA synthesis almost
twofold compared with control (*P , 0.001).18 hours later; and (6) to determine whether sublytic
C5b-9 attack alone increased cell number, MCs were
grown in serum-free media, and the 3-[r-5]dimethylthia-
zol-2-yl-2,5-diphenytetrazolium (MTT) assay was per-
Statistical analysisformed at 24, 36, 48, 72, and 96 hours following sublytic
The Bonferroni-Dunn test was used for statistical anal-attack.
ysis. All values were expressed as mean 6 SEM. A P
Measuring DNA synthesis value ,0.05 was considered statistically significant.
The incorporation of 3H-thymidine into DNA was
used as a measure of MC DNA synthesis as previously
RESULTSreported [25]. In brief, a pulse of 2 mCi of 3H-thymidine
(Dupont NEN Research Products, Boston, MA, USA) C5b-9–induced lysis is concentration dependent
was added to each well from 1 to 18 hours. MCs were Lysis was measured by the release of LDH. Exposing
washed three times with cold PBS and then incubated MCs to anti-Thy1 antibody alone or antibody and C6-
in ice-cold 10% trichloroacetic acid for 25 minutes. The deficient serum did not increase LDH release (data not
cells were solubilized with 0.2 mol/L NaOH, neutralized shown). In contrast, there was a concentration-depen-
with 0.4 mol/L glacial acetic acid, and 3H-thymidine was dent release of LDH when MCs were exposed to anti-
counted on a Beckman LS 3801 scintillation counter. To Thy1 antibody followed by normal PVG serum (C1).
relate the 3H-thymidine incorporation to cell number, Our results showed that 1.4, 4.9, 24.8, and 31.2% of
cell protein concentrations were determined in each well cells underwent lysis with 1, 2, 3, and 4% C1 serum,
using the DC protein assay (Bio-Rad Laboratories, Her-
respectively (P , 0.05 with each percentage serum com-
cules, CA, USA) according to the manufacturer’s in-
pared to C6-deficient serum). For the current study, 2%
structions. 3H-thymidine incorporation was recorded as
PVG serum was therefore used for all experiments.counts per minute/mg protein and was expressed as a
percentage change from baseline.
Sublytic C5b-9 attack is sufficient to induce
DNA synthesisMeasuring cell number
DNA synthesis was measured by the incorporation ofTo determine whether the increase in DNA synthesis
3H-thymidine into DNA. Figure 1 shows that there waswas associated with a change in cell number, the MTT
no increase in 3H-thymidine incorporation in MCs ex-assay (Promega, Madison, WI, USA) was performed
posed to antibody and C6-deficient serum and unstimu-according to the manufacturer’s instructions at 0, 30,
lated MCs (no antibody or complement) grown in serum-48, 72, and 96 hours after C5b-9 stimulation. MCs were
free medium for 18 hours after the initial manipulation.stimulated as described previously in this article and
In contrast, there was a twofold increase in DNA synthe-incubated with tetrazolium salt for the final four hours
sis at 18 hours in serum-starved MCs exposed to antibodyof incubation. The formazan product was visualized at
and sublytic complement attack, and this occurred in thean absorbance of 570. The absorbance was directly pro-
portional to the cell number. absence of an exogenous source of growth factors.
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Fig. 3. C5b-9 augments platelet-derived growth factor (PDGF)-
induced mesangial cell (MC) proliferation. Platelet-derived growth fac-
tor (PDGF) increased 3H-thymidine incorporation in serum-starved
MCs when exposed to anti-Thy1 antibody and C6-deficient PVG serum
(C2; s) at concentrations of 0.5 and 1.0 ng/mL (P , 0.05 vs. no PDGF,
0.1 ng/mL PDGF). Sublytic C5b-9 attack induced by antibody and
normal PVG serum (C1; s) augmented PDGF-induced DNA synthesisFig. 2. C5b-9 formation occurs when C6 is reconstituted in C6-deficient
(3H-thymidine incorporation) at each PDGF concentration used com-PVG (C2) serum in the presence of antibody. C3 immunostaining was
pared with control.detected following exposure to antibody and C1 PVG (A) and C2
PVG (B) serum. C5b-9 staining was detected only in the presence of
C1 PVG serum (C) and not C2 PVG serum (D).
exposed to PDGF as a positive control. There was no
difference in the optical density (OD) readings immedi-
Complement-induced DNA synthesis is due to C5b-9 ately following stimulation with sublytic C5b-9 attack or
antibody and C6-deficient serum (0.27 vs. 0.28, P . 0.05).To ensure that the increase in DNA synthesis was
Thus, changes in cell counts were not due to early in-indeed caused by the C5b-9 components of the comple-
creases in apoptosis. This result also confirms that thement cascade, we performed immunostaining for C5b-9
concentration of complement used was sublytic. To de-in experimental and control cells. Figure 2 shows that
termine cell number following stimulation, separate ex-C5b-9 staining was absent in cells exposed to antibody
periments were performed with the MTT assay at 72and C6-deficient serum. In contrast, C5b-9 staining was
hours. In contrast to an increase in OD readings in theincreased in cells exposed to antibody and normal PVG
positive control unstimulated MCs exposed to PDGFserum, used as a source of complement.
(1.14 6 0.09), there was no increase in the OD readingAs discussed earlier, DNA synthesis was not increased
in MCs stimulated with C5b-9 (0.68 6 0.04) or antibodywhen cells were exposed to antibody and C6-deficient
with C6-deficient serum in the absence of a source ofserum, where C5b-9 cannot be assembled. To confirm
growth factors (0.68 6 0.03). These results demonstratefurther that C5b-9 increased DNA synthesis in cells ex-
that the inability to show an increase in cell number wasposed to antibody and a complement source, C6 was
not a false negative, because PDGF (used as a positivereconstituted with human C6 in C6-deficient PVG serum.
Reconstituting C6 in the presence of antibody signifi- control) increased cell number using the same assay. The
differences in OD readings at 0 and 72 hours is due tocantly increased DNA synthesis compared with cells ex-
posed to antibody and C6-deficient serum (P 5 0.03), readings performed on different days.
and the increase was comparable to the response seen
Sublytic C5b-9 attack augments growth factor-inducedwith the normal PVG serum (P 5 0.03). Taken together,
DNA synthesisthese results show that complement-induced DNA syn-
To determine whether C5b-9 attack augmented the in-thesis, in the absence of exogenous growth factors, is
crease in DNA synthesis induced by other growth factors,due to C5b-9.
MCs exposed to sublytic C5b-9 and controls were grown
C5b-9 does not increase cell number in serum-free media with PDGF for 18 hours after the
initial manipulation. Figure 3 shows that serum-starvedTo determine whether the increase in DNA synthesis
induced by C5b-9 was associated with an increase in cell MCs exposed to antibody and C6-deficient serum had
an increase in 3H-thymidine incorporation when grownnumber, the MTT assay was performed, and cells were
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Fig. 4. Neutralizing PDGF does not alter C5b-9–induced MC prolifera-
tion. Exposing serum-starved MC to PDGF increases DNA synthesis, Fig. 5. Neutralizing basic fibroblast growth factor (bFGF) does not
measured by 3H-thymidine incorporation (column three), which is alter C5b-9–induced MC proliferation. Exposing complement stimu-
blocked by adding an anti-PDGF–neutralizing antibody (column four). lated MCs (C1) to neutralizing anti-bFGF or control IgG did not alter
In contrast, anti-PDGF–neutralizing antibody did not reduce DNA the increase in 3H-thymidine incorporation. *P 5 0.2333 vs. C1; **P 5
synthesis induced by sublytic C5b-9 attack (C1; column two) compared 0.2184 vs. C1.
with control C1 (column one). *P , 0.01 vs. C2; **P , 0.01 vs. C1,
C1 anti-PDGF; ***P , 0.01 vs. PDGF.
synthesis induced by sublytic C5b-9 was not reduced by
adding anti-PDGF antibody to the media for 18 hours
in the presence of PDGF at concentrations of 0.5 and (P . 0.05 vs. C5b-9 alone). In contrast, DNA synthesis
1.0 ng/mL, but not 0.1 ng/mL. In contrast, prior exposure induced by PDGF was significantly reduced in normal
to C5b-9 increased 3H-thymidine incorporation when MCs in the presence of the same concentration of neu-
cells were grown in 0.1 ng/mL PDGF (P , 0.05 vs. C2; tralizing antibodies (P , 0.001 vs. PDGF alone; Fig.
Fig. 3). Moreover, there was a greater than twofold in- 4). Anti-PDGF antibody had no effect on 3H-thymidine
crease in 3H-thymidine incorporation in C5b-9–stimulated incorporation in control and unstimulated MCs grown
MC exposed to 0.5 ng/mL of PDGF compared with con- in serum-free media (data not shown).
trol cells (P , 0.001 vs. C2; Fig. 3). DNA synthesis Figure 5 shows that DNA synthesis induced by sublytic
induced by 1.0 ng/mL PDGF was not augmented by C5b-9 (C1) was not reduced by exposing cells to anti-
C5b-9 (P . 0.05 vs. C2). To determine whether sublytic bFGF antibody. Control IgG also had no effect on
C5b-9 attack augmented growth factor-induced MC 3H-thymidine incorporation (Fig. 5). Figure 5 also shows
DNA synthesis, cells were exposed to media containing that the anti-bFGF antibody used in this study inhibited
5% FCS (a source of growth factors) for 22 hours follow- bFGF-induced MC DNA synthesis.
ing stimulation. C5b-9 increased 3H-thymidine incorpo-
ration in cells exposed to 5% FCS compared with cells C5b-9–induced DNA synthesis is reduced
exposed to antibody and C6-deficient serum in the pres- by inhibiting ROS
ence of 5% FCS (7072 6 494 vs. 5738 6 834, P , 0.05). To determine whether C5b-9–induced DNA synthesis
These results demonstrate that C5b-9 alone is suffi- involved the release of ROS, which have been shown to
cient to induce DNA synthesis in serum-starved MCs be increased in immune-mediated glomerulonephritis,
and that C5b-9 also augments low-dose, PDGF-induced each group of MCs was grown in serum-free conditions in
DNA synthesis. the presence of ROS inhibitors catalase or SOD. Figure 6
shows that both SOD and catalase significantly reducedDNA synthesis induced by C5b-9 is not mediated
C5b-9–induced DNA synthesis (P , 0.05 vs. no SOD orby PDGF or bFGF
catalase). Interestingly, the decrease was more pro-
The mitogenic growth factors PDGF and bFGF have nounced in MC exposed to catalase than SOD. Catalase
been shown to increase MC proliferation in vitro and in and SOD had no effect on 3H-thymidine uptake in con-
vivo, and neutralizing PDGF decreases MC proliferation trol and unstimulated MC grown in serum-free media
[11, 28]. To determine whether PDGF and bFGF partici- (data not shown).
pated in sublytic C5b-9–induced DNA synthesis, each
group of MCs were grown in serum-free media for 18
DISCUSSIONhours in the presence of neutralizing antibodies to either
PDGF or bFGF after exposure to anti-Thy1 antibody Mesangial cell proliferation is a common consequence
of mesangial deposition of immunoglobulins and com-and a complement source. Figure 4 shows that DNA
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also causes release of PDGF from 3T3 cells and has been
reported to augment the response of cells to PDGF as
well [20]. While these explanations for our data are at-
tractive, particularly in light of the well-established role
for PDGF in mediating MC proliferation and matrix
synthesis in vivo [30], we found no effect of inhibiting
bFGF or PDGF with neutralizing antibody when resting
cells were exposed to C5b-9. Controls including PDGF
and bFGF as the mitogenic stimulus, as well as previous
studies with these antibodies in rat systems [10], exclude
the possibility that the neutralizing antibodies were not
active or were present in insufficient concentrations to
neutralize growth factors.
Of note, however, was the finding that when PDGF
was supplied exogenously, MCs exposed to sublytic
C5b-9 did exhibit an enhanced DNA synthesis response,
a finding similar to that reported previously in 3T3 cellsFig. 6. Inhibiting reactive oxygen synthase (ROS) reduces C5b-9–
induced MC proliferation. The ROS inhibitors catalase and superoxide [20]. We have recently shown that C5b-9 augments
dismutase (SOD) decreased 3H-thymidine incorporation induced by growth factor-induced DNA synthesis in podocytes. Thesublytic C5b-9 (C1) in a concentration-dependent manner. Symbols
mechanism of this effect is unknown but might involveare: (d) C1 with SOD; (s) C2 with catalase; *P , 0.001 vs. C1;
**P , 0.0001 vs. C1. up-regulation of MC PDGF receptors, reduced expres-
sion of antiproliferative cytokines or cell cycle regulatory
proteins such as cyclin-dependent kinase inhibitors, re-
duced membrane threshold for initiation of signal trans-
plement components. In vivo antibody-induced MC
duction pathways or production of some other molecules
DNA synthesis is C5b-9 dependent [8], as it is in the that in turn facilitate the mitogenic effect of PDGF.
glomerular endothelial cell as well [29]. However, these The first documentation that C5b-9 could activate
in vivo studies generally involve significant cell lysis with MCs came from studies by Adler et al in our laboratory,
consequent release of preformed growth factors as well who found that MCs exposed to sublytic C5b-9 had a
as other inflammatory mediators. To address the ques- marked increase in production of ROS, particularly H2O2tion of whether C5b-9 alone is mitogenic for MCs, we [31]. Subsequent studies have confirmed a role for oxy-
have carried out in vitro studies in which these variables gen radicals in several types of experimental glomerulo-
can be more easily controlled. Our results demonstrate nephritis [24]. More recently, oxidants have been docu-
that C5b-9 itself, independent of cell lysis, must be added mented to have a significant mitogenic effect on several
to the list of known inducers of MC DNA synthesis, different cell types. Low-dose H2O2 causes MC prolifera-
which includes growth factors such as bFGF and PDGF tion through calcium-dependent mechanisms and also
and cytokines such as interleukin-1 [3, 4]. activates nuclear factor-kB in MCs, an important factor
The known effects of membrane insertion of sublytic in the response of cells to several growth factors, includ-
amounts of C5b-9 offer several possible reasons for the ing PDGF [32–34]. We therefore tested the hypothesis
observed on DNA synthesis in MCs. Studies by ourselves that ROS produced by MCs in response to sublytic C5b-9
and others have shown that C5b-9–mediated lysis of MCs might be important in the mitogenic response observed.
can result in a release of preformed growth factors with We found that both SOD and catalase significantly re-
mitogenic activity such as bFGF [10]. However, the cur- duced DNA synthesis following sublytic C5b-9 attack,
rent studies were performed at sublytic C5b-9 concentra- suggesting a role for oxidants, particularly H2O2, in the
tions, and neutralizing antibody to bFGF and PDGF did mitogenic effect observed. The mechanism of this oxi-
not alter the results. Thus, release of preformed bFGF dant effect was not further defined. Of interest, H2O2
or PDGF seems unlikely. A second possibility is that increases tyrosine phosphorylation of the PDGF recep-
stimulation or activation of MC by sublytic C5b-9 could tor and several mitogen-activated protein kinase sub-
lead to increased synthesis of MC-derived growth fac- groups, important signaling pathways for several growth
tors, including bFGF and PDGF, from intact cells that factors [33].
could then mediate a mitogenic effect in autocrine fash- Other possible mechanisms whereby C5b-9 may in-
ion. In bovine aortic endothelial cells and human umbili- crease DNA synthesis have been previously reported.
cal vein endothelial cells, C5b-9 induces immediate (10 Thus, sublytic C5b-9 can induce reversible changes in
min) release of PDGF and bFGF sufficient to cause intracellular composition of cells, including a transient
increase in cytosolic calcium with activation of proteinproliferation of rat smooth muscle and MCs [19]. C5b-9
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kinase C [35, 36] and increase in phospholipase A2 [37]. the initial immune injury is C5b-9 mediated, and they
In the plasma membrane, C5b-9 can activate heterotrim- establish an additional, previously undocumented role
eric G proteins of the Gi-Go subfamily [38], and C5b- for C5b-9 in the mediation of glomerular injury.
6–7, C5b-8, and C5b-9 form coprecipitable complexes
with active G proteins [38, 39]. C5b-9 can also activate ACKNOWLEDGMENTS
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